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THE COMPOUND ENGINE. 



The compound engine— whatever diver- 
sity of opinion may be held by engineers 
and others as to its merits as an economical 
expansive engine — has attracted towards 
itself a very considerable share of attention, 
from the superior results that have been 
obtained by it in many instances ; and it is 
reasonable to suppose that, when a certain 
degree of perfection has once been attained 
in the manufacture of any machine, or 
economy secured by any new arrangement 
of its parts, similar machines can be so 
constructed as to give out the same results, 
if proper care is taken that the same ar- 
rangement and construction is faithfully 
carried out as in that of the more perfect 
machine. And when that degree of econo- 
my has not been obtained from a com- 
pound engine which had reasonably been 
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expected, it would, no doubt, be found, if 
proper inquiry were made, that the fault 
lay, not in the principle that had beien adopt- 
ed, but that sufficient skill had not been 
exercised in properly proportioning the dif- 
ferent parts through which the steam had 
to pass or come in contact on its way j&om 
the boiler to the condenser, and that suffi- 
cient means had not been employed to pre- 
vent or replace any waste of heat from con- 
densation and other causes. 

As the compound engine is being now so 
universally adopted in the Merccmtile Ma- 
rine Service, and a knowledge of its princi- 
ples absolutely necessary by those engaged 
in attending it, we will, in the following 
remarks, explain these principles in a3 sim- 
ple a manner as possible, and iiistitute a 
comparison between the respective merits 
of the single-cylinder expansive condens- 
ing engine and the compound engine : 

The compound engine is a high and low- 
pressure condensing engine, having two 
ordinary steam cylinders, the smaller or 
high-pressure cylinder communicating di- 
rect with the boiler, the larger or low- 
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pressure condensing cylinder direct with 
the condenser, and both with each other. 
The steam is admitted freely froin the 
boiler into the high-pressure cylinder imtil 
the piston has been moved through a cer- 
tain distance where the valve is so regula- 
ted that the communication with th^ boiler 
is entirely shut off, and the remainder of 
the space to be passed through by the pis- 
ton is performed by the expansion of the 
steam now shut up in the cylinder, and 
which, after doing its work in this cylinder, 
passes on to the coiidensing cylinder, where 
it does an equal or proportionate quantity of 
work, and then passes into the condenser. 

It has been found from modern practice 
that when the length of stroke of both cyl- 
inders is the same, it is necessary that the 
condensing cylinder be about three times 
greater in area than the high-pressure 
one, and this proportion is best suited when 
the steam employed is from 45 to 50 lbs 
pressure above the atmosphere, and cutting 
off the steam after being admitted during ^ 
of the stroke in the high-pressure cylinder. 
When the steam to be employed is of a less 
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pressure, bnt the point of cut-off the same^ 
then the relative proportions of the cylin- 
ders must be nearer to each other, and the 
reverse when steam of a greater pressure is 
to be used. 

To get the maximum of economy out of 
any clitss of expansive condensing engine, 
the pressure of steam and point of cut-off 
must be so regulated that the steam passes 
into the condenser at the end of the stroke 
at a pressure not exceeding 5 lbs. above a 
perfect vacuum, and with steam at 45 lbs. 
pressure above the atmosphere, which is 
equal to 60 lbs. pressure above a perfect 
vacuum (the pressure of the atmosphere 
being considered as equal to 15 lbs. on the 
square inch), and a terminal pressure of 5 
lbs., we get 12 expansions, because the 
pvessure at the end of the stroke is 12 times 
less tlian what it was at the point off cut- 
off, and is expressed by the formula — 

Where P = pressure at point of cut-off, <= 
terminal pressure, and E = ratio or num- 
ber of expansions, and as the pressure of 
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steam, according to Marriotte's law, yaries 
inversely as the space it occupies, the steam 
will now fill 12 times the space it originally 
occupied at a pressure equal to -^ih of the 
original pressure, that is, supposing there 
had been no loss of heat during the process 
of expansion, and this we must suppose to 
simplify this inquiry. 

On reference to the annexed table of 
average pressures, it will be seen that 
steam admitted at 60 lbs. pressure, and 
cut-off at i^^th part of the stroke, exerts 
an average pressure = 17.32 lbs. per sq. 
in. on the piston throughout the whole 
stroke, and, although this is 8^ times less 
work than Would have been done had the 
steam been used at the full pressure of 60 
lbs. throughout the whole length of the 
stroke, still only a 12th part of the qylinder's 
contents had been filled from the boiler, 
and the power required is thus got by work- 
ing the steam expansively, at a saving equal 
to about 34 to 1. (See Table A.) 
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Table A.^A^VERAGE PRESSURE 
Fob ant Rate 





Pressure in Lbs. at Oom- 
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30 


35 


40 


45 


50 


55 


60 




21 


24i 


28 


31* 


85 


88* 


42 


284 


32} 


37* 


42 


46} 


5U 
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;: 


17J 
25i 


20} 


23} 


26} 


29} 


32} 


85} 
50} 


29 
83i 


33A 


88 


42* 
48* 


46* 




28} 


38* 


43* 


53 


57i 


;• 
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18i 


20} 


23* 


26 


28* 


81* 


23 


26} 


30* 


34* 

40} 


88* 


42 


46 
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27 


3U 


36* 


45* 


49} 


54* 
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29i 


341 


89 


44 


49 


53} 


mk 


■ . 


14 




18i 


20} 


23* 


25* 


27} 


29, 


39* 


44* 


49* 


54 


59 




12i 


14} 


16} 


18} 


21 


23* 


25* 
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191 


23 


25} 
31* 


28^ 


82 


86^ 
43* 


38* 
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23} 


27} 
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39* 


47 


■.r 


26} 
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35* 

38* 


40 


44* 


49 


53* 
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334 


42} 


47} 


521 


57* 
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34i 


39* 


441 


49* 


54i 


59* 


■• 


lU 


13* 


15^ 


17* 


19* 


21* 


23 
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22J 


26 


29} 


33* 


87 


40} 


44* 


i- 


27i 


3i 


3«^ 
89* 


41* 

44^ 


45* 


50* 


55* 
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34} 


49* 


54* 
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► i 


10^ 


12t 
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17} 


19* 
30* 


21* 




16^ 


19i 
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25 


27} 


33* 


■ ■ 


24 


28 


32 


36 


40* 


44* 


48i 


: ■ 
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30} 


35* 


39i 


44 


48* 


52} 


: . 


29 


34 


43} 


48* 


53* 
54* 


68* 


TT 


29} 


34} 


39^ 


44.^ 


49^ 


.694 


9i 


10} 


12V 


13} 


15* 


16} 
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14} 


17i 
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27 


29* 
87* 
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18} 
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31* 


34* 
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25* 
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36* 

40i 


40* 
44* 


43} 
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24i 


28J 


32* 
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48} 
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26i 
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39* 


43} 
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36} 
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■A- 
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38* 
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43 
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52} 
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34* 
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8i 


10 


11* 


13 


14i 


15} 


17* 
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UPON PISTON. DURING ONE STROKE. 
OF EzpAirnosr. 



mencement of Stroke. 



65 


70 


75 


BO 


85 


00 


95 


100 


45i 


49 


52i 


56 


59} 


63 


66* 


70 > 


61 


65* 


70i 


75 


m 


844 


89 


93* 


38} 


41} 


631 


471 


531 


56* 


59* 


55 


69| 


671 


72 


764 


80* 


84* 


62^ 


67i 


72} 


774 


82 


87 


91* 


96* 


34 


36} 
53} 


89 


414 


444 


47 


49* 


52* 


49} 


57} 
67} 


614 


65 


69 


72* 


76* 


58} 


m 


72} 


77 


814 


86 


90* 


&3k 


m 


73} 


784 


88 


88 


92* 


97* 


30^ 


m 


84} 


374 


39} 


411 


41* 


46* 


64 


69 


73} 


78* 


83} 


881 


93* 


98* 


27i 


294 


3U 


33} 


35} 

54} 


371 


40 


42 


41} 


45 


484 


51} 


571 


61 


64* 


5l| 


55i 


59} 


634 


674 


71* 


75* 


79 


57} 


62} 
66| 


66} 


714 


75} 


80 


84* 


89 


62^ 


71* 


764 


81 


851 


90* 


95* 


63} 


69i 


74} 


79 


84 


89 


93* 


98* 


25^ 


27 


28} 


30} 


32} 


344 


36* 


88* 


48^ 


52 


55} 


59} 


63 


661 


70* 


74* 


59} 


64 J: 


68} 


73} 


78 


824 


87* 


91* 


Uk 


694 


74} 


79} 


844 


894 


94* 


99 


23 


24} 


26;^ 


284 


304 


311 


33* 


85* 


36 


38} 


41} 


44} 


474 


50 


52* 


55* 


524 


56i 


60} 


644 


684 


724 


76* 


80* 


56i 


61i 


66 


70} 


744 


794 


83* 


88 


63i 


68 


72} 


77} 


821 


874 


92* 


97* 


64i 


s 


744 


794 


844 


894 


94* 


99* 


20 


23 


24} 


26} 


271 


29* 


30* 


31} 


344 


361 


394 


41} 


444 


46* 


49 


40} 


43} 


47 


50 


53} 


56* 


59* 


62* 


47* 


51 


54« 


58} 


62 


651 


69* 


73 


52} 


56} 


601 


65 


69 


73 


77 


81* 


56} 


6U 


65i 


70 


74} 


78* 


83 


87* 


60 


64J 


69} 


73} 


784 


83 


87* 


92* 


624 


67 


71} 


76} 


814 


86* 


91 


95* 


63} 


68} 


734 


78} 


m 


88* 


93* 


98* 


isf 


20i 


21} 


234 


24} 


26 


27* 


29 
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1 

p 
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Tablb a.— Continued. 





Preesnrc 




Ilatti 












eittffit 


110 


120 


180 


140 


160 




774 


84 


91 


98 


105 


5 


103 


1114 


121* 


131 


1404 


; 


65i 


714 


774 


884 


894 




93i 


1014 


110 


1184 


127 




106i 


1151 


1254 


1354 


144} 




57i 


624 


67* 


73 


784 




84i 


9H 


994 


1074 


115 




99i 


1081 


117* 


126} 


135 




1074 


1174 


1274 


136} 


146} 


. . 


51 i 


554 


604 


65 


69} 


108i 


1184 


128 


137} 


147 




46i 


504 


54* 


58} 


63 


ir 


701 


774 


834 


90 


964 


^^ 


87 


944 


1024 


110} 


118} 


- 


98 


106* 


115* 


124} 


1334 


J. 


105 


1144 


124 


1334 


1484 


;r 


108} 


1184 


1284 


1884 


1484 




421 


464 


50 


544 


57} 




811 


89 


964 


104 


1114 




101 


1104 


1194 


1284 


137} 
148} 




109 


119 


128* 


138} 




39 


424 


46 


494 


584 




61 


66* 


724 


77} 


88 




884 


964 


1044 


1124 


1204 




97 


105* 


1144 


1284 


1324 




107 


116* 


1264 


1364 


145 




1004 


1194 


129 


189 


149 


rr 


331 


87 


40 


484 


464 


A' 


54 


59 


63* 


68} 


73* 


T»r 


681 


754 


814 


87} 


94 


A 


804 


87* 


95 


1024 


1094 


A 


894 


974 


1054 


113} 


121} 


A 


964 


105 


118 J 


1224 


131 


tV 


1014 


110* 


120 


1294 


1384 


A 


1054 


115 


1244 


1844 


1434 


A 


108 


117* 


1274 


1374 


1474 


tV 


811 


84* 


87} 


404 


484 J 
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As the p9int of cut-off may be different 
from any of those shown in the table, it is 
as w^ll that the student should be in pos- 
session of a simple formula for ascertaining 
the average pressure for himself at any 
time, and the following is given to find out 
the mean pressure during a stroke in lbs. 
per sq. in. Let — 

L = Whole length of stroke in inches. 
{ = Distance travelled by piston before the steam 
is cut off, in inches. 

B = Ratio or number of expansions = — ^' 

H = Hyperbolic logarithm of B. 
P = Initial pressure of steam in lbs. per sq. in. 
p = Mean pressure during the stroke in lbs. per 
square inch. 

Then,p=:pL+J- 

A table of hyperbolic logarithms is also 
annexed so that H may be found without 
any difl&culty. 

TABLE OF HYPERBOLIC LOGARITHMS. 

The Hjperbolie Logarithm of a number is foond by multiply- 
ing the common Logvithm of the number by 2.80269. 

* No. Logarithm. 

1-1 0963102 

1-2 1828216 

1-3 2623642 

1-4 8864722 
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No. Logarithm. 

1-6 4064662 

1-6 4700036 

1-7 6806282 

l-« 6877866 

1-9 6418688 

2-0 6931472 

2-1 7419373 

2-2 7884673 

2-8 8329090 

2-4 8764686 

2-6 9162907 

2-6 9656113 

2-7 9932618 

2-8 1 0296913 

2-9 1.0647107 

a^ 1.0986124 

3-1 1.1314021 

S-2 1.1631608 

3-3 1.19392S4 

3-4 1.2237764 

3-6 1.2627629 

3-6 1.2809338 

3-7 1.3088328 

3-8...... 1.3360010 

3-9 1.8609766 

4-0 1.3e62943 

4-1 1.4109869 

4-2 .^.... 1.4360846 

4-3 T.... 1.4686149 

4-4 1.4816046 

4-6 1.6040773 

4-6 1.6260668 

4-7 1.6476626 

4-3 1.6686169 

4-9 1.6892362 

6-0 1.6094379 

6-1 , 1.6292406 

6-2 1.6486686 

b-t 1. 6677068* 

6-4 1.6863&8a 

6^ 1.7047481 

6-6 1.7227BBS) 

^.7 1.7404B61 
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No. Logarithm. 

5-8 1.7678679 

6-9 1 77495M 

e-0 1.7917696 

6-1 1.8088887 

6-2 1.8246498 

6-8 1.8406496 

6-4 1.8662979 

6-6 1.8718021 

6-6 1.8870697 

6-7 1.9021076 

6-8 1.9169226 

6-9 1.9816214 

7-0 • 1.9469100 

7-1 1.9600947 

7-2 1 9740810 

7-3 1.9878748 

7-4 2.0014800 

7-6 2.0149080 

7-6 2.0281482 

7-7 2.0412208 

7-8 2.0641287 

7-9 2.0668627 

8-0 2.0794414 

«-l 2.0918640 

8-2 2.1041841 

SS 2 1162665 

8-4 21282317 

8-5 2.1400661 

«-6 2.1617622 

8-7 2.1688280 

8-8 2 1747617 

8-9 2.1860512 

9-0 2.1972245 

9-1 2.2082744 

9-2 2.2192084 

9-3 2.2800144 

9-4 2.2407096 

9-5 «. 2.2612907 

9-6 2.2617681 

9-7 2.2721258 

9-8 2 2828823 

9-9 2.2926347 

10-0 : 2.8026851 
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No. Logaiithni. 

11-0 2.8978968 

12-0 2.4«4906t) 

ia-0 .. 2.6649494 

14-0 2.6890672 

16-0 2.7080602 

16-0 2.7726067 

17-0 2.8882841 

18-0 2.8903847 

19-0 2.9444497 

20-0 2.9967322 

21-0 i.. 8.0446487 • 

22-0 8.0910662 

28-0 : 8.1864964 

24-0 8.1780716 

25-0 8.2188767 

26-0 8.2681099 

27-0 3.2968496 

28-0 8.8822806 ' 

29-0 8.8672992 

30-0 8.40U974 

In order to arrive at the merits and 
capabilities -of .the compound engine, let 
us first see what are the results got from a 
single-cylinder condensing engine of given 
dimensions and cutting off the steam to 
work with a certain number of expansions. 
Let— 

D = Diameter of cylinder in inches, 

L = Length of stroke in feet» 

N = Number of revolations of crank p^r minate, 

p s9 Mean or average pressare on piston, 

then, for arriving at the horse power we use 
the following formula : — 
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D«X .785iX2LXNXp , 
33^500 ^ horse-power. 

But as D' X -7864 = area of piston, and 
2 L X N = speed of piston in feet per 
minute, we will make D'^X -7854 =A, and 
2 L X N = S, the formula then becomes 

AX«Xp _ 
33.000 ■" ^' 

and supposing the cylinder to be 24 in. 
diameter, length of stroke=4 ft; number 
•of revolutions per minute=50 ; pressure of 
steam at beginning of stroke==60 lbs. (all 
pressures here mentioned are above a per- 
fect vacuum), point of cut-off, =^V*^ P*^'* ^^ 
the stroke, or, after the piston has travelled 
4 in., so that — 

D =24 inches. 
2 L = 8 feet 
N =: 50 revolutions. 
F =60 lbs. 

p = P 1215. = 17.32, we get— 

452 4X400X17 32 ^^ , 
33:000 = »^ horse-power; 

To distribute this power equally over the 
working parts of a compound engine, it is 
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desirable that both ojlinders be so propor- 
tioned that they will each give out nearly 
the same power, and that the thrust caused 
by the entrance of the steam at the begin- 
ning of each stroke be the same in both 
cylinders. 

To attain this with an accuracy sufficient 
for all practical purposes, it is necessary 
that the condensing cylinder be larger than 
the high-pressure cylinder in area, by the 
ratio of expansion that takes place in the . 
high-pressure cylinder ; that is to say, if 

a = area of piston in high-pressure cylinder, 
r SB ratio of expansion in high-pressareoylinder, 
A as area of piston in condensing cylinder, then 

A=ar. 

So that if P = initial pressure in small cyl- 
inder, and F'=initial pressure in large cyl- 
inder, the area of large piston, multiplied 
by F', will be equal to the area of small 
piston multiplied by P, then P' A^P a. 

But as the ratio of expansion is the same 
in both cylinders, and the whole ratio of 
expansion equal to the initial pressure in 
small cylinder, divided by the terminal 
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pressure in large cylinder, we get J = 

ratio of expansion in each cylinder, and as 
we have already taken P=60 lbs., and ^ = 

5 lbs., we have y/ ^= 3.46 = differences 

<^ area of the two pistons, and also ratio oi 
expansion in each cylinder, and conse- 
quently=r. 

From the nature of the compound engine, 
the area opened up for the steam by the 
movement of the large piston is at all times 

decreased by a proportionate part = 

= 1, by the advancing area of small piston, 
80 that the space actually occupied by the 
expanding steam is =^ A — 1, and from this 
we get the formula for ascertaining the av- 
erage pressure in the condensing cylinder of 
a compound engine. 
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A table showing the relative areas of the 
two cylinders of a compound engine, 
with the average pressure in each cylin- 
der, etc. : 



p 


B 


P' 


H 


S 


P' 


P 


30 


2.449 


12.26 


.896 


23.23 


7:52 


16.71 


36 


2.645 


13.22 


.972 


26.10 


7.83 


18.27 


40 


2828 


14.14 


1.040 


28.85 


8.04 


20 81 


45 


8000 


16.00 


1.098 


81.47 


8.22 


23 25 


60 


8.162 


15.86 


1.150 


34 00 


8.40 


26.60 


66 


8 316 


16.58 


1.197 


86.44 


8.58 


27.86 


60 


8.464 


17.32 


1242 


88..83 


8.74 


30.09 


66 


3.606. 


18.02 


1.281 


41.13 


8.85 


32.28 


70 


8.741 


18.70 


1.319 


43.39 


9 08 


84.31 


75 


3.872 


19.36 


1.353 


45.57 


9.11 


36.46 


80 


4.000 


20.00 


1.386 


47.72 


9.24 


38.48 


86 


4123 


20.61 


1.415 


49.78 


9.34 


40.44 


90 


4.242 


21 21 


1.444 


61.85 


9 44 


42.41 


96 


4.868 


21.80 


1.470 


53.84 


9 56 


44.28 


100 


4.472 


22.36 


1 497 


55.84 


9.64 


46.20 


106 


4.682 


22.91 


1.521 


67.77 


9.73 


48.04 


110 


4.690 


23 45 


1.545 


59.69 


9.82 


49.87 


116 


4.796 


23.98 


1.667 


61.57 


9.89 


51.68 


120 


4.898 


24.45 


1.589 


63.43 


9.96 


63.47 


126 


6.000 


25.00 


1.609 


66.32 


10.05 


65.27 


130 


5.099 


25.50 


1.629 


67.02 


10.13 


56.89 


186 


6.196 


26 00 


1.647 


68.77 


10.21 


58.66 


140 


6.291 


26.46 


1 665 


70.51 


10.26 


60.25 


146 


5.385 


36 93 


1.6S8 


72.25 


10.32 


61.93 


160 


5 477 


27.88 


1.700 


73.96 


10.38 


63.57 


156 


6.567 


27.84 


1.716 


75.67 


10.46 


65.21 


160 


5 666 


28.32 


1.732 


77.28 


10.52 


66.76 


166 


6.744 


28.72 


1.748 


78.93 


10.58 


68 35 


170 


5.830 


29.15 


1.763 


80.56 


10 64 


69.92 


176 


5.916 


29.58 


1.777 


82.14 


10.70 


71.44 


180 


6.000 


30.00 


1.791 


83.73 


10.75 


72.98 


186 


6.082 


30.41 


1 805 


85.32 


10.80 


74.52 


190 


6.164 


30.82 


1.818 


86.86 


10.85 


76.91 
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The accompanying table has been drawn 
out for easy reference in conformity with 
this rule. The first column = P = the in- 
itial pressure of the steam above a perfect 
vacuum on entering the small cylinder; 

the second ^ R = / __ shows the relative 

areas of the two cylinders, and also the 
number of expansions in high-pressure cyl- 
inder ; the third column, = P = the termi- 
nal pressure in high-pressure cylinder, gives 
the pressure at beginning of stroke in con- 
densing cylinder ; the fourth column, = H, 
contains the hyperbolic logarithms of B; 
the fifth, = S, gives the average pressure 
during a stroke in a single cylinder, for the 

1 -4- TT 

different values of R and = P -— — j the 

sixth column,=p', gives the average pres- 
sure during a stroke in the condensing cyl- 

inder of a compound engine, and =P':r — - 

xt— 1 

and the last column, p, gives the average 
pressure during a stroke in the high-pres- 

sure cylmder P=* — ^ ^ B,^i 
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Now, as the power to be given out by 
both cylinders is to be the same, the power 
that is required to be given out by A = 

-— =a 47.5 horse-power, and as y — «= 

3.464, t X 3.464 == 17.32 = F, and from 

the above formula we getp'= 17.32— ^ = 

8.74 lbs. average pressure per square inch 
on piston. So that we can now get what 
area of piston is required to give out thia 
power by 

47.5X33.000 ._. ^.^^ .. , 
400 X 8.74- = *'^^'= ^*^"^°'^*^'- 

and as the area of the two pistons are to 
each other as 1 to 3.464, we get the area of 
small piston = 130 sq. in. = 13" diameter. 
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Table of the pressure, temperature, volume, 
and mechanical effect of steam. 









Mechanical 


Total 




Volume of 


effect of 


pressnre 






a cubic inch of 


in lbs. 


Corresponding 


compared 


water 


per 


temperature. 


with 


evaporated, in 


Bqnare 




volume of 


lb8. raised 1ft. 


.inch. 




water. 


high. 


1 


102 9 


20868 


1789 


2 


126.1 


10874 


1812 


3 


141.0 


7437 


1859 


4 


152.8 


5685 


1895 


6 


161.4 


4617 


• 1924 


6 


169.2 


8897 


1948 


7 


175.9 


8376 


1969 


8 


182.0 


2983 


1989 


9 


187.4 


2674 


2006 


10 


192.4 


2426 


2022 


U 


197.0 


2221 


2036 


12 


201.3 


2050 


2050 


18 


205.3 


1904 


2063 


W 


209.1 


1778 


2074 


15 


212.8 


1669 


2086 


16.. . 


216.8 


J 573 


2097 


17 


219.6 


1488 


2107 


18 


222.7 


1411 


2117 


19 


225.6 


1343 


2126 


20 


228.5 


1281 


2135 


21 


231 2 


1225 


2144 


22 


233.8 


1174 


2152 


28 


286.3 


1127 


2160 


24 


288.7 


1084 


2168 


25 


241.0 


1044 


2175 


26 


248.8 


1007 


2182 


27 


245 5 


973 


n89 


28 


247.6 


941 


tl96 


29 


249 6 


911 


2202 


80 


251.6 


883 


2209 
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Mechanical 


Total 




Volume of 


effect of 


pressure 




steam 


a cubic inch of 


in lbs. 


Corresponding 


compared 


water 


per 


temperature. 


evaporated, m 


square 




volume of 


lbs. wised 1ft. 


inch. 




water. 


high. 


81 


263.6 


867 


2216 


82 


266.6 


888 


2221 


88 


267.8 


810 


2226 


84 


269.1 


788 


2232 


86 


260.9 


767 


2238 


86 


262.6 


748 * 


2243 


87 


264.8 


729 


2248 


88 


. 866.9 


712 


2263 


89 


867.6 


696 


22£9 


40 


269.1 


679 


2264 


41 


270.6 


664 


2268 


42 


272.1 


649 


2273 


43 


278.6 


636 


• 2278 


44 


275.0 


622 


2282 


46 


276.4 


610 


2287 


46...., 


277.8 


698 


2291 


47 


^9.2 


6R6 


2296 


48 


280.6 


676 


2300 


49 


281.9 


664. 


2804 


60 


288.2 


664 


2808 


61 


284.4 


644 


2312 


62 


286.7 


684 


2316 


68 


286.9 


626 


2820 


64 


288.1 


616 


2824 


66 


289.8 


608 


2827 


66 


290.6 


600 


2381 


67 


291.7 


492 


2386 


68... . 


292.9 


484 


2389 


69 


294.2 


477 


2343 


60 


296.6 


470 


2347 


61 


296.9 


463 


2351 


62 


298.1 


466 


2366 


68. 


299.2 


449 


2369 
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Mechanical 


Total 




Volume jof 


effect of 


pressure 




steam 


a cubic inch of 


iulbs. 




oompared 


water 


per. 


temperature. 


with 


evaporated, in 


square 




volume of 


IbB. raised 1ft. 


inch. 




water. 


high. 


64 


800.3 


443 


2362 


66 


. 801.8 


437 


2366 


66 


802.4 


431 


2369 


67 


303.4 


426 


2372 


68 


304.4 


419 


2676 


69 


305.4 


414 


2378 


70 


306.4 


408 


2382 


71 


307.4 


403 


2386 


72 


308.4 


898 


e38t« 


73 


309 8 


393 


2391 


74 


310.8 


388 


2394 


75 


311.2 


383 


2397 


76 


312.2 


379 


2400 


77 


313.1 


374 


2403 


78 


314.0 


370 


2405 


79 


814.9 


366 


2408 


80 


816.8 


362 


2411 


81 


316.7 


358 


2414 


82 


317.6 


354 


2417 


83 


318.4 


350 


2419 


84 


319.3 


346 


2422 


86 


320.1 


342 


2426 


86 


321.0 


339 


2427 


87 


321.8 


836 


2430 


88 


322.6 


832 


2432 


89 


823.5 


328 


2435 


90 


324.3 


325 


2438 


91 


325.1 


322 


2440 


92 


325.9 


319 


2448 


93 


326.7 


316 


2446 


94 


827.6 


313 


244» 


96 


828.2 


310 


2460 


96 


329.0 


304 


245a 
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Total 




Yolnme of 


effector 


pn88iim 




steam 


a cubic inch of 


in lbs. 




compared 


water 


per 


Umpentnn. 


with 


eraporated, in 


iqnare 




TOlume of 


lbs. raised 1ft. 


inch. 




water. 


high. 


97 


329.8 


804 


2455 


9S 


380.5 


301 


2457 


99 


331.3 


298 


2460 


100 


832.0 


295 


2462 


110 


839.2 


271 


2486 


120 


345.8 


251 


2507 


130 


352.1 


233 


2527 


140 


357.9 


218 


2545 


150 


863.4 


205 


2661 


160 


368.7 


198 


2577 


J70 


373.6 


183 


2593 


180 


878.4 


174 


2608 



From this we can see that for a com- 
pound engine to exert the same power as 
a single-cylinder condensing engine with 
the same number of expansions in both 
cases, the condensing cylinder of the com- 
pound engine requires to be equal in 
diameter to the single condensing cylinder ; 
and from this being the case, it is quite 
reasonable to say, that if the power exerted 
can be got from one cylinder with the steam 
expanded a certain number of times, it 
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would be unwise to add to the expense of 
the engine by expanding the same number 
of times in two cylinders instead of one. 
But as the source of the power obtained is 
the heat passed into the cylinder from the 
boiler, and as the economical working of 
the engine depends on the greatest quan- 
tity of this heat that can be converted into 
power, it is herein where the compound 
engine has the advantage over any other 
class of engine, and we will compare the 
single and the compound engine from this 
point of view. 

The steam enters the single-cylinder 
engine at a pressure=60 lbs. per sq. in., 
the temperature of which, on reference to 
the annexed table, will be found to be 
equal to 295.6 deg. After doing its work 
it terminates with a pressure = 5 lbs.=161.4 
deg. in temperature, and consequently has 
cooled down the cylinder to the same 
temperature, so that the fresh steam on 
entering to perform the next stroke can 
only be effective at a temperature corre- 
sponding to its pressure, and it has to part 
with its heat untU it brings the cylinder up 
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to its own temperature, and has conse- 
quently to be supplied with new steam 
from the boiler to do its work. 

Now the pressure at the beginning of th& 
stroke of the high pressure cylinder of th^ 
compound engine is the same=60 lbs. per 
sq. in. ; but owing to the fewer number or 
expansions carried out in this one cylinders- 
it terminates this stroke with a pressure= 
17.32 lbs. per sq. in., the temperature or 
which will be found on reference to be 220 
deg., being a dijQference of only 76 deg. in- 
stead of 1 35 deg., or just about one-half. 
A great part of this wai9te of the heat that 
is passed into the cylinder can be prevent- 
ed by having a space round about the cyl- 
inder, and at both ends, filled with steam, 
at the boiler pressure ; but this steam jacket, 
as it is called, is much more effective in the 
compound engine tiian in the single cyl- 
inder engine, for this reason : It has been, 
found from experiment that the rapidity 
with which two volumes of steam of differ- 
ent temperatures seek to equalize themselves 
is as the square of their difference in tem- 
perature, that is to say — that if you mix. 
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«team of 200 deg. with steam of 100 deg., 
and steam of 400 deg. with steam of 100 
^eg.y the difference of temperatures of the 
former being ad 2 to 1, and of the latter as 
4 to 1, and as 2*=4, and 4'=16 ; the latter 
-temperatures will seek to equalize them- 
49elYes four times quicker than the former, 
^nd, as the variation of temperature is much 
.:greater in the single cylinder than in either 
of the cylinders of a compound engine, the 
heat from the steam jacket must pass 
ihrough the metal with great rapidity to 
xeplace that wasted by condensation, and 
^his it cannot do so effectively as when the 
-temperatures are not so widely varied ; and 
this is one of the great advantages possess- 
•ed by the compound or double -cylinder 
•engine. Another feature in which the 
^compound engine bears favorable com- 
parison with the single-cylinder engine is in 
the difference of the- thrust caused by the 
•entrance of the steam at the beginning of 
each stroke, and consequently on the 
a.mount of pressure or friction thrown on the 
orank pin and crank shaft journals, com- 
pared with the power to be exerted. If we 
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multipl j the area of piston in single cylinder 
by the initial pressure, we get 452X^0= 
27,120 lbs. total pressure, or equal to a 
blow of fully 12 tons at the beginning of 
the stroke. If, in like manner, we multi- 
ply the areas of both pistons of the com- 
pound engine by their respective initial 
pressures we get 131X60=7,860 and 452 
X17.32=7,828, which being added to- 
gether, gives a total pressure at beginning 
of stroke when both pistons are moving 
8imultaneously=15,688 lbs.=about 7 tons 
or little more than one-half of that in the 
single cylinder, and from this it can be 
easily seen that as a less shock is given to 
the working parts by about one-hal^ the 
dimensions of these parts can be made 
proportionately less, and a gentler, stead- 
dier, but equally effective motion is im- 
parted. 

The compound engine, both for marine 
and stationary purposes, has had the posi- 
tion of its cylinders and the combinations 
of its parts arranged in many different 
ways, in some cases to suit the space avail- 
able for its erection, and in others, accord- 
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ing to the different ideas of the different 
manufacturers ; but the principle being the 
4same in all cases, an equal economy should 
be got if care is taken in so proportioning 
the passages for the steam that no undue 
obstruction is caused, and that proper and 
efficient means are employed to prevent any 
waste of heat as far as possible. 

The principle of the compound engine 
was known as early as 1781, when a patent 
was taken out by Jonathan Homblower for 
*^ Employing the steam after it has acted on 
the first vessel to operate a second time in 
the other by permitting it to expand itself/' 
But Homblower was never able to carry 
out the principle to be of much practical 
use, owing to Watt's patents being in exist- 
ence at the time. 

The earHest compound engine in which 
the principle was practically carried out was 
patented in 1804 by Arthur Woolf, and his 
style of engine has been in use almost ever 
since that date in France and the Oontinent 
generally, and is still constructed by many 
engineers in this country, and is known as 
** Woolf 's Engine," and employed for sta- 
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tionary purposes only. Both the cylinderB 
are placed together at one end of the walk- 
ing beam, the condensing cylinder being at 
the outer end, and the high-pressure cylin- 
der close up to it with a proportionately less 
stroke. This acrangement is perfectly ca- 
pable of carrying out the principle equal to 
any other. But the great pressure it exerts 
on the main centre of the walking beam, 
owing to all the power requiring to pass 
from the one end of the beam to the other, 
has caused it to be less extensively used 
than otherwise might have been the case ; 
but more especially since 1845, when a 
patent was taken out by Wm. McNaught, 
wherein this great pressiire is removed from 
the main centre by having the condensing 
cylinder only at the outer end of beam, and 
the high-pressure cylinder between the 
main centre and the crank, thus having the 
power equal on both sides of the main cen- 
tre, and the pressure consequently merely 
nominal at that part This arrangement is 
by far the best when the engine has to be 
of the walking-beam class. 

Another good arrangement is carried out 
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in horizontal engines, with both cylinders 
lying side by side (generally cast together 
in one piece), and secured to a single sole 
plate ; both piston rods are attached to one 
crosshead, so that one connecting rod con- 
veys the whole power to the crank, nothing, 
being in duplicate but the cylinders. 

In the compound engine at present so 
largely employed in the British Navy, the 
cylinders, outwardly, are the same diameter, 
but the high-pressure cylinder, as pre- 
Tiously mentioned, is generally made about 
\ less in area than the condensing cylinder. 
The space round the actual high-pressure 
cylinder being used to receive its ex- 
haust steam imtil the valve of condensing 
cylinder opens to admit it, as the pis- 
tons do not move simultaneously, owing 
to the cranks being at right angles to each 
other. 

It has been explained in the first part of 
this work that the nominal horse power of 
an engine is ascertained by assimiing the 
mean pressure on the piston to be equal to 
7 lbs. on the square inch, and the speed of 
piston equal to 220 ft. per minute. But as 
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both the working pressure and speed of pis- 
ton have been greatly increased since the 
above rule was first adopted, it fails to con- 
vey any adequate idea of the actual capa- 
bilities of the engine. Still, in all negotia- 
tions connected with the purchase of a 
eteam engine, it is, as a rule, the nominal 
horse power alone that is referred to, al- 
though it is understood that with a pres- 
sure, say of about 60 lbs., and a piston 
speed of about 400 ft. per minute, fully six 
times the nominal power is got from a con- 
densing engine. 

As ihe term "Nominal Horse-Power" 
is only used when speaking of the steam 
engine as a marketable commodity, a 
particular size of cylinder may be called a 
certain nominal power by one maker, and a 
different nominal power by another, and 
un£ur competition often takes place by two 
manu&cturers offering for sale say an 80 
horse-power condensing engine, one of 
whom means to. give a cylinder 50 in. diam- 
eter, whilst the other calls a 40 in. cylinder 
the same nominal power. The rules now 
generally adopted in this country to deter- 
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mine the nominal power of the different 
kinds of steam engines are as follows : — 

Bale to find the nominal horse-power of 
a high-pressure non-condensing steam en- 
gine : Square the diameter of cylinder in 
inches, and divide by 12, that is to say, a 
non-condensing engine with a Gylinder=30 
in. diameter, is called a 75 horse-power 
engine nominal, although it is capable of 
giving out at least three times the power 
when a pressure of say 60 lbs. is em- 
ployed, and piston speed = 400 ft. per 
minute. 

Bule to find the nominal horse-power of 
a single cylinder condensing engine : Square 
the diameter of cylinder in inches, and di- 
vide by 24, that is to say, that a condensing 
steam engine with a cylinder=30 in. diam- 
eter, is called a 37J horse-power engine 
nominal, but is capable of working to at 
least six times its nominal power with 60 
lbs. pressure and speed of piston=400 ft. 
per minute. 

The rule now generally adopted by ma- 
rine engineers for the nominal power of a 
compound engine is : Add the square of the 
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diameter of eaoli cylinder in inches together, 
and divide the sum by 30, that is with a 
compound engine whose condensing cylinder 
is 30 in. diameter, and high-pressure cyUn- 
der 17 in. diameter, is called a 40 horse- 
power compound engine nominal, and is 
also capable of working to at least siz times 
that power with 60 lbs. pressure and speed 
of piston^t=400 ft. per minute. 

Some diagrams are herewith given, the 
first two of which are theoretical, and the 
shape that would actually be got was there 
no loss of heat during the stroke from con- 
deo^a^n. or other causes, la the theoreti- 
cal diagram, showing the expansion curve 
when the steam is expanded 12 times in a 
single cylinder condensing engine, A B re- 
presents the total initial pressure of 60 lbs., 
B the constant supply of steam from the 
boiler at that pressure, the point where 
the steam is entirely shut ofbsj^^th part of 
the stroke, D the expansion curve form- 
ed by the decreasing pressure of the steam 
in the ratio that the space it occupies is 
increased by the advance of the piston, D E 
represents the terminal pressure, and £ A 
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the line of perfect Tacuum. In the com- 
pound theoretical diagram, G D is the exr 
pansipn curve formed firom the high-pressure 
cylinder, and D A the expansion curve 
formed from the condensing cylinder, the 
line F B representing the initial pressure 
of 60 lbs., D E the terminal pressure in 
high-pressure cylinder, and initial pressure 
in low-pressure cylinder, and equal to 17.32 
lbs., and F A the terminal pressure in low- 
pressure cylinder, and equal to 6 lbs. 
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Memoranda for Goldsmiths, Jewellers, Ac. By 
James £. Collins. i8mo»cloth 75 

CIPHER AND SECRET LETTER AND TELE- 
GRAPHIC CODS, with Hogg's Imprpvements. 
The most perfect secret code ever invented or dis- 
covered, impossible to read without the key. By 
G. S. Lanrabec i8mo,cloth. too 

COLBURN. The Gaa Works of London. By Zerah 

CoIbuni}ftE. I vol. lamo, boards 60 

CRAIG (B. F.) Weights and Measures. An account 
of the Decimal System, with Tables of Conversion 
for Commercial and Scientific Uses. By B. F. Craig, « 
M.D. I voL square 33mo, limp doth. ... 50 

NUGENT. Treatise on Optics: or. Light and Sight, 
theoretically and practically treated; with the appli- 
cation to Fine Art and Industrial Pursuits. By E. 
Nugent. With one hundred and three illustrations. 
lamo, doth* r* ^ **® 

CLYNN (J.) Treatise on the Power of Water, as. ap-. / 
^ied to drive Flour Mills, and to give motion to 
Turbines and other Hydroslatic Engines. By Joseph 

a 
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b. TAN N08T]UKS>'6 vfj^idATlcmfb, 

Glynn. 'Third edition,' revised and etiWrg«(^ WttH ^ 

numerous illustrations, i amo,' cloth . •.$^ oo 

HUMBEIL A Handy Book for the Calculation of 
Strains in Girders and similar Structures^ and their. 
Strength, consisting of Formulae and corresponding 



Diagrams, with numerous details for practical apph- 
. cation. By William Humber. xamo, iiilly illus- 
trated, cloth. a 50 



ORUNER. The Manufacture of Steel. By M. L. 
Gruner. Translated from the Frencht by Lenox 
hmith. with an appendix on the Bessamer process in . 
the United States, by the translator, Illustrated by 
Lithographed drawings fnd wood cuts. 8vo, clothe. $ go 

AUCHINCLOSS. Link and Vajve Motifs SiWpHfied. 
Illustrated with 37 wood-cnts» and ax JUtthographic 
plates, tofiether with a Travel Scale, and numerous, 
useful Tables. By W. S. Auchiodpss. 8vp^cl6th..; 3 m 

VAN BUkEN. Investigations of Formulas, far the 
strength of the Iron parts of Steam. Machinery. By 
J. D. Van Buren, Jr., C. E. lllustratetl 8vo, doth-, a 00 

JOVNSON. Designing and Construction. of Machine; .,■ 
Gearing. Illustrated, 8vo% doth' ,, i 00 

GILLMOHE. Coignct B^ton and other Artifidal Stone»« 
Hy Q. A. GiHroore, Major U. & Corps EnginMrs^. 
9 plates, viewa^ te. 8«o,doth •• -. as© 

SAfiLl'ZER. Treattse'on Acoustics in connection with 
Ventilation. By Alexander Saeltzeri Areh(teet.| 
ismo, ddth«.^p • * ..*..«b. ..«' a 00 

THE EARTH'S CRUST. A handy Outlitpe of OeoJ 
r logy. By David Page. Illustrated, ibmo, doth. . . - 75 

DICTIONARY, of Manufactures, Mining, Machinery, 
and the industrial Arts. By George Dodd, lamo, 
doth ...V" » °c 

FRANCIS. On the Strength of Cast-Iron Pillars, with 

Tables for the use of Engineers, Architects, and 

' Builders. By James B. Frauds, Civil Engineer. 

I voL 8vo,doth , -f ?♦« »rO0 

3 ■'■■■•' ■■■•-•■■ 
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!>. TAK IffOjSTIIAlIP 8 FUBUCiTIOMB. 

GILLMORE (Gen. Q. A.) Treatise on Limes, Hy- 
dr< ulic Cements, and Mortars. Papers on Practical 
Engineering, U. S. Engineer Department, No. 9, 
containing Reports of numerous Ehcperiments con^ 
ducted in New York City, during the years 1858 t» 
1861, inclusive. By Q- A. Gifiihore, Bvt. Mai -Gen., 
U. S. A., Major, Dnps of Engin««n» With num- 
erous illustratioos. x vol, Svo, doth ^ 00 

HARRISON. The Mef:hanic's Tool Book, with Prac- 
tical Rules and Suggestions for Use of Machinists, 
Iron Workers, and others. By W. B.' Harrison, 
associate editor of the ** American Artisan." Illus- 
trated with 44 engravings. i2mo, cloth v s 50 

HtlNRICI (Olaus). Skeleton Structures, especially in 
their application to the Building of Steel and Iron 
Bridxes. By Glaus- HenricL With folding plates 
iknd diagrams.' i vol. 8vo, doth 300 

HE WSON (Wm.) Principles and Practice of Embank 
ing Lands from River Floods as applied to the Le- 
vees of the Mississippi. By William Hewson, Civil 
Engineer, i vol. Svo, cloth. .* i . . 2 00 

HOLLEY (A. L.) Railwa}^ Practice. American and 
European Railway Practice, m the economical Gen- 
eration bf Steam, incloding the Mflttrials and Con- ■ 
straction of Coal- burning Boilers, ' Combustion, the 
Variable Blast, Vaporization, Circulation, Superheat- 
ing, Supplying and Heating Feed-water, etc, and 
the Adaptation of Wo<)d and Coke-burning Engines 
to Coal-burning ; and in Permanent Way, including 
Read-bed, Sleepers, Rails, Joint-fastenines, Street 
Railways, etc, etc By Alexander L. Holley, B. P. 
With 77 lithographed plates, x vol. folio, doth. ... 12 00 

KING (W. H.) Lessons and Practkal Notes on Steam, 
the Steam Engine, Propellers, etc, etc, for Young 
Kf arine Engineers, Students, and others. By tlte 
late W. H. King, U. S. Navy. Revised by Chief 
Engineer J. W. King, U, S. Navy. Twelfth edition^ 
enlarged. Svo, doth. ..» % a 00 

MINIFI£(Wm.) Mechanical Drawing. A Text-Book 
o( Geometrical. Drawing for the use of Mechanics 

4 
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t. VAN nobtband'b fubucationb. 

ADu Schoob, in which the Definitions and Rules ot 
Geometry are familiarly explained: the Practical 
Problems are arranged, from the most simple to the 
more complex, and m dieir description technicalities 
are avoided as much as possible. With illustrations 
for Drawins Plans, Sections, and Elevations of Rail- 
ways and Machinery ; ah Introduction to Isometrical 
Drawing, and an Essay on Linear Perspective and 
Shadows. IllustnOed with. over x>o diagrams en- 
graved on steeL By Wm. Minifie, Architect Sev- 
enth edition. With an Appendix on the Theory and 

Application of Colors, i vol. 8vo. doth $4 00 

"It la the test work on Dnwinf that we have ever Men, end !■ 
eepecUlly • text-book of Oeometrical Drawing tor tbe use of Merhanira 
aoi ycbools. No young Mecliantc, auch aa a Machtntofa, Engineer. Cabi- 
net-maker, MiUwrlgbt, or Oarpenter, should ba wtthoui ii."~aeknt(/U 
Awieriam. 

■ ■ . ■■ Geometrical Drawing. Abrideed from the octavo 
edition, for the use of Schools. Illustrated with 48 
steel plates. Fifth edition, x vol. xamo, doth..., a oc 

Sl^ILLMAN (Paul.) Steam Engine Indicator, and the 
Improved Manometer Steam and Vacuum Gauges— 
their Utility and Application. By Paul Stimnan. 
New edition, z veL zamo, flexible doth i 00 

SWEET (S. H.) Special Report on Coal ; showing ita 
Distribution, Classification, and cost delivered over 
different routes to various points in the State of New 
York, and the prindpal dties on the Atlantic Coast. 
By S. H. Sweet With maps, x vol. 8vo, doth. .... 3 00 

WALKER (W. H.) Screw Propulsion. Notes on 
Screw Propulsion : its Rise and History. By Capt 
W. H. Walker, U, S. Navy, x voL 8vo, doth 75 

WARD (J. H.) Steam for the Million. A pcmular 
Treatise on Steam and its Application to the Useful 
Arts, espedally to Navigation. By J. H. Wand, 
Commander U. S..Navy. New and revised edition. 
X vol. 8vo, doth X 00 

WEISBACH (Julius). Principles of the Mechanics of 
Machinery and Engineering. By Dr. Julius Weis- 
bach, of Freiburg. Translated aom the last German 
edition. • VoL 1., 8vo^ cloth xo 00 
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D. VAN NOSTBAND'ft PUBUCATIONS. 

DiEDRrCH. The Theory of Strains, a Compendium 
for *the calculation and donitniction of Eridges, Boofis 
and Cranes, with the application of Trigonometrical 
Notea, contaimng the most oomprehensrre informa- 
tion in regard to the Resulting strains for a perman- 
ent toad, as also for a Combined (Permanent and 
Rolling) Load. In two sections, adadted to the re- 
quirements of the present time. By John D^edrich, 
C £. Jllostrated by numerous plates and diagrams. 
8vo, doth • , *...« 5 oo 

WILLIAM SON (R. S.) On the use of the Barometer on 
Surveys and Reconnois^ances. Part I. Meteorology 
in its Connection with Hypsometry. Part II. Baro- 
metric Hypsometry, By R. S. Wiliamson, Bvt. 
Lieut-Col. U. S. A-t Major Corps of ICngineers. 
With Illustrative Tables and Engravings. Paper 
No. 15, Professional Papers, Corps of Engineers, 
I vol. 4to, cloth 15 00 

POOK (S. M.) Method of Comparing the Lines and 
Draughting Vessels Propelled by Sail or Steam. 
Including a chapter on Laying oflF on the Mould- 
Loft Floor. By Samuel M. Pook, Naval Construc- 
tor. . I vol. 8vo, with illustrations, cloth 5 00 

ALEXANDER (J. H.) Universal- Dictionary of 
Weights and Measures, Ancient and Modem, re- 
duced to the standards of the United States of Ame- 
rica. By J. H. Alexander. New edition, enlarged. 
1 vol. 8vo, cloth * 3 50 

BROOKLYN WATER WORKS. Containing a De- 
scriptive Account of the Construction. of the Works* 
and also Reports on the Brooklyn, Hartford Belle- 
ville and Cambridge Pumping Engines. With lustra- 
tions, z vol. folio, cloth 

RICHARDS* INDICATOR. A Traatise on the Rich- 
ards Steam Engine Indicator, with an Appendix by 
F. W. Bacon, M. £. zSmo, flexible, doth. 1 os 

6 
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D. VAN NOSTBAND'B rUBLICATIONS. 



POPS. Modern Practice of the Electric Telecraph. A r^ 
Hand Book for Elflctridaasand operators. By Frank 
L» pope. Eighth edition, revisea and enlaiipMl, and 

fully iUlustrated. 8vo, cloth...^ laoo 

" Tbert to no other wortc sf tbto kind In Mm lof 1Mb iMnnuf* that ttm- 
talnilB 10 ■mall aoompMnao much piMilcnl lotniuMtloB In the appii- 
mtloa of galTMle olecirlcliy to tolecraphy. It sbnaM bo in tho b«ndi of 
••wrj on« iBttrMlwl la t«l«gimpby, or tho m« «l Battorlw for uihar piir> 

POOM." 

MORSE Examination of the Telegraphic Apparatna 
and the Processes in Tele^aphy. By Samuel F. 
Morse, LLnD., U. S. Commissioner Paris Universal 
Exposition, 1867. Illaatrated, 9ro, cloth $a 00 

SABINE History tmd Pirogress of the Plectric Tele- 
aph, with descriptioDa of some of the apparatus. 
J Robert Sabine, C £. Second edition, with ad- 
ditions, samo,cloth ••••••••• 1 s5 

CULLET. A Rand-Book of Practical Td^rraphy. By 
R. S CuUey, Ennneer to the Electric and Interna- 
tional Telegraph Company. Fourth edition, revised 
and enlarged. Illustratea 8vo^ cloth 500 

BENBT. Electro-Ballistic Madilnes, and the Schults 
Chronoscope. By Lieut -Col. 8. V. Benet, Captain 
of Ordnance* U. S. Army. Illustrated, second edi- 



^% 



tion, 4to, cloth 3 00 

MICHAELI& The Le Bonlenge Chronograph, with 
three Lithograph folding plates of illustrations. By 
Brevet Captain O. £. Mtchaelis, Fhrst Lieutenant 

Ordnance Corps, U. S. Army, 4to, cloth 3 00 

ENGINEERING FACTS AND FIGURES An 
Annual Register of Plrosress in Mechanical Engineer- 
ing and Construction, lor the years 1863, 6^, 6<, 66^ 
67, 68. Fully illuKiratedt 6 vols. i8mo, doth, $1.50 

per ToL, each volume sdd separately 

HAMILTON. Useful Information for RaUway Men. 
Compiled by W. G. Haimltoo, Engineer. Fifth edi- 
tion, revised and enlarged, j6s pages Pocket form. 
Mproccoygilt t,r sot 

7 
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f>. VAN NOSTRAirb'S PUBLICATIONS. 

STUART. The CivU and Military Eogineert of Amer- 
ica. By Gen. C. B. Stuart. With 9 finely executed 
' portraits of eminent engineers, and illustrated by 
engraving of some 6f the most important works con- 
structed m America. 8nH doth. $s 00 

CTONEY. The Tl^cory of Strains in Girders and simi- . , 
lar structures, with observations on the application of ' . 
Theory to Practice, and Tables of Strength and other 
properties of Materials. By Bindon B. Stoney, B. A. - 
xf ew and revised edition, enlarged, with numerous 
engravings on wood, by Oldham. Royal 8vo, 664 
■'■■'■ pages. Complete in one volume. Svd, cloth 15 00 

SHREVE. A Treatise On the Strength of Bridges and 
Roofsi Comprising the determination of Ateebraic 
formulas for strains in Horizontal, Inclined or Rafter. 
Triangular, Bowstring, Lenticular and other Trusses, 
.from fixed and moving loads, with practical applica- 
tions and exam|des> for the use of Students and Engi- 
neers By Samuel H. Shreve, A M., Civil Engineer. 
87 wood cut illustrations. 8vO) doth 500 

MERRILL. Iron Truss Bridges ibr Railroads. The 
method of calculatins; strains in Trusses, with a care- 
ful comparison of the most prominent Trusses, in 
reiereuce to economy in combination, etc-,' etc By 
Brevet C6I. Wifliam E. Merrill, U S. A., Major 
Corps of Rngineers, with nme lithographed plates of '- 
Illustrations. 4to, cloth « 500 

WHIPPLE. An Elementary and Practical Treatise on 
Bridge Building. An enlarged and improved edition 
of the author's original work. By S. Whipple, C E , 
inventor of the Whipple Bridges, &c. Illustrated 
8vo, doth 4 00 

THE KANSAS CITY BRIDGE. With an account 
of the Regimen of the Missouri River^ and a descrip- 
tion of the methods used for Founding in that River. 
By O Chanute, Chief Engineer, and George Morrir 
son. Assistant Engineer. Illustrated with five litho* 
graphic vieWi and twelve plates bfplan& 4to, doth; 6 oq 
'• 8 
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MAC CORP. . A- PracticaJ Ttcah's© -fin the Slide Valve . 
by Elccentrics, exaroinine. by methods the action oif the 
Eccentric upon the Slide V^lve, and explaining the 
Practical processies of laying . out the nioyetnents, . 
adapting the valve for its various duties in the steam ' 

r ■ engine. . For the use of Engineers, Draughtsmen. 
Machinists, and Students of Valve Motions in gene- 
rau By a W. Mac Cord. A. M., Professor of Me- 
chanical Drawinjg, Stevens* Institute of Technology, 
Hoboken* N. jT Illustrated by 8 full page copper- 
, plates. 4to, cloth .' $4 00 

KIRKWOOD. Report on the Filtration of River 

Waters, for the supply of cities, as practised in ^ 
Europe, made to the Board of Water Commissioners 
of the CitvofSt Louis.' By James P. Kirkwood. 
Illustratect by 30 double plate engravings. 410, cloth, .15 00 

PLATTNBR. Manual of Qualitative and Quantitative 
Analysis with the Blow Pipe. From the last Germ£.n . 
edition, revised and enlar|;ed. By Prof. Th. Kichter. 
of the Royal Saxon Mining Academy. Translated 
by Prof H. B. Cornwall, Assistant in the Columbia 
■ School of Mines, New York assisted by John H. 
Caswell. Illustrated with 87 wood cuts, and one 
lithographic plate. Second edition* revised, 560 
pages, Svo, cloth ....;...... 750 

PLYMPTON. The Blow Pipe. A system of Instruc- 
tion in its practical use being a graduated course of 
analysis for the use of students, and all those engaged 
in the examination, of metallic combinations Second 
edition, with an appendix and a copious index. By 
Prof. Geo W. Plympton, of the Polytechnic Insti- 
tute, Brooklyn, N. Y. lamo, cloth 300 

PYNCHON. Introduction to Chemical Physics, desir- 
ed for the use of Academies, Colleges and High 
Schools. Illustrated with numerous engravings, and 
containing copious experiments with directions for 
preparing them. By Thomas Ruggle? Pynchon, 
M. A., Professor of Chemistry and the Natural Sci-, 
ences. Trinity College, Hartford New edition, re- 
vised and enlarged and illustrated by 269 illustrations 
on wood. Crown, 8vo. cloth < . . . . 3 00 

9 



Digitized by Google 



D. VAK NOSTBAKD'8 FUBLICATIONI 

CLIOT AND STORER. A eompendimit Vanual of 

gualiutive Chemical Analysu. By Charles W. 
liot and Frank H. Storer. Revised with the Co- 
operation of the authors. By William R. Nichob, 
Professor of Chemistry ia the Massachusetts insti- 
tute of Technology Ulnstrated, lamo^ doth. |i 59 

RAMMBLSBERG. Guide to a course of QuanthatiTe 
*. Chemical Analysis, especially of Minerals and Fur- 
nace Products. Illustrated by Rxamples By C. F. 
Rammelsberg. Traaslatod by J. Towler» M . D. 
8vo,cbth a 95 

KGLESTON. Lectures on Descriptive Mineralogy, de- 
livered at the School of Mines. Columbia College. 
By Professor T. J£gleaton. illustrated by 34 Litho- 
graphic Plates. 8TO)Cloth '. 450 

MITCMBLI^ A Manual of Practical Assaying. By 

. John MitchelL Third edition. Kdited by William 

Orookesf F. R S. Svo^ doth. 10 00 

WAIT'S Dictionary of Chemistry. New and Revised 
edition complete in 6 vols. 8vo doth, $6a.oo Sup- 
plementary volume sold separately. Price, doth. . . 9 oo 

RANDALL. Quarts Operators Hand-Book. By P. M. 
, RandaiL New editiont revised and enlarged, fiilly 
illustrated. lamotdoth • a 09 

SILVERSMITH. A Practical Hand-Book for Mmefs» 
Metallurgists, and Assayers. comprising the most re- 
cent improvements in the diaintq;ration amalgama- 
tion, smelting, and parting of the i redous-ores, with 
aoomprehensive Digest of the Mining Laws. Greatly 
augmented, revised and corrected. By Julius Silver- 
smith. Fourth edition. Profusely illustrated. iamo» 
doth 3 o« 

THE USEFUL METALS AND THEIR ALLOYS. 



ores, with their applications to the Industrial Arts. 
By SccAren« Truan, Clay, Oxland, Fairbaim, and 

•thers. Fifth edition, half calf 575 

10 
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D. VAN NOSTRAND S PUBLICATIONS. 

JOYNSON. The Metals used in construction, Iron, 
Steel, Bessemer Metal, etc., etc By F. H. Joynson* 
Illustrated, z2nio, cloth $o 75 

VON COTTA. Treatise on. Ore Deposits. By Bern- 
hard Von Cotta, Professor of Geology in the Royal 
School of Mines, Freidberg, Saxony. Translated 
• from the second German edition, by Frederick 
Prime, Jr., Mining Engineer^ and revised by the au- 
thor, with numerous illustrations. 8vo, cloth 4 00 

UR£. Dictionary of Arts, Manu&ctures and Mines. By 
Andrew Ure, M.D. . Sixth edition, edited by Robert , 
Hunt, F. R. S., greatly enlarged and re-written. 
London, 1873. 3 vols. 8vo, cloth, $25.06. Half 
Russia 37 50 

BELLl Chemical Phenomena of Iron Smelting. An 
experimental and practical examination of the dx- , 
cumstances whicli Determine the capacity of the Blast ' 
Furnace, The 'Temperature of the air, and the 
proper condition of the Materials to be operated 
upon. By 1. Lowthian Bell. 8vo, doth 600 

ROGERS. The Geology of Pennsylvania. A Govern- 
ment survey, with a general view of the Geology of 
the United States, Essays on the Goal Fortnation and 
its Fossils, and a description of the Coal Fields of 
North i\meri(;a and Great Britain. By Henry Dar- 
win Rogers, late State Geologist of Pennsylvania, 
Splendidly illustrated with Plates and iSngravines in 
the text. 3 vols , 410, cloth, with Portfolio of Maps. 30 00 

BURGH. Modern Marine Engineering, applied to 
Paddle and Screw Propulsion. Consisting of 36 
solored plates, 359 Practical Wood Cut Illustrations, 
and 403 pages oi descriptive matter, the whole being 
an exposition of the present practice of James 
Watt & Ga, J. & G. Rennie, R. Napier & Sons, 
and other celebrated firms, by N. P. Burgh, Engi- 
neer,, thick 4to, voL, doth, $35.00 ; half mor. 30 00 

BARTOL. Treatise on the Marine Boilers of the United 

States. By B. H. Bartol. Illustrated, 8vo, doth... 150 
II 
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D. VAN NOSTRAND'S PUBLICATIONS. 



BOURNE. Treatise on the Steam Engine in its various 
applications to Mines, Mills, Steam Navigation, 
Railways, and Agriculture, with the theoretical in- 
vesligations respecting the Motive Power of Heat, 
and the proper proportions of steam engines. Elabo- 
rate tables of the right dimensions of every part, and 
Practical Instructions for the manufacture and man- 
agement of every species of Engine in actual use. 
By John Bourne, being the ninth edition of *' A 
Treatise on the Steam Eneine," by the "Anizan 

• Club." Illustrated by 38 plates and 546 wood cuts. 

4to, cloth $15 00 

STUART. The Naval Dry Docks of the United 
Sjates. By Charles B. Stuart late Engineer-in-Chief 
of the U. S. Navy. Illustrated with 24 engravings 
on steel. Fourth edition, cloth 6 00 

EADS. System of Naval Defences. By James B. 

Eads, C E., with 10 illustrations, 410, cloth 5 00 

FOSTER. Submarine Blasting in Boston Harbor, 
Massachusetts. Removal of Tower and t'orwin 
Rocks. By J. G. Foster, Lieut -Col. of Engineers, 
U. S. Army. Illustrated with seven plates, 4to, 
cloth 3 50 

BARNES Submarine Warfare, offensive and defensive, 
including a discussion of the offensive Torpedo Sys- 
tem, its effects upon Iron Clad Ship Systems and in- 
fluence upon future naval wars. By Lieut -Com- 
mander J. S. Barnes, U. S. N., with twenty litho- 
graphic plates and many wood cuts. 8vo, cloth 5 00 

HOLLE Y. A Treatise on Ordnance and Armor, em- 
bracing descriptions, discussions, and professional 
opinions concerning the materials, fabrication, re- 
quirements, capabilities, and endurance of European 
and American Guns, for Naval, Sea Coast, andiron 
Clad Warfare, and their Rifling, Projectiles, and 
Kreech- Loading ; also, results of experiments against 
armoj, from official records, writh an appendix refer- 
ring to Gun Cotton, Hooped Guns, etc., etc By 
Alexander L. HoUey, B. P., 948 pages, 493 engrav- 
ings, and 147 Tables of Results, etc., 8vo, half roan. 10 00 
12 
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D. VAN .NOSTUA.ND 8 PUBLICATIONS. 

SIHMS. A Treatise on the Principles and Practice of 
Levelling, showing its application to purposes of 
Railway £agineering and the Construction of Roads, 
&c. By Frederick W. Simms. O. E. From the 5th 
London edition, revised and corrected, with the ackli- 
tioii of Mr. Laws's Practical Examples for setting 
out Railway Curves. Illustrated with three Litho- 
graphic plates and numerous wood cuts. 8vo, cloth. $^ so 

BURT. Key to the Solar Compass, and Surveyor's 
Companion ; comprising all the rules necessary for 
use ill the field; also description of the Linear Sur- 
reys and Public Land System of the United States, 
Notes on the Karometer, suggestions for an outfit for 
a survey of four months, etc By \V. A. Hurt, U. S. 
Deputy Surveyor. Second edition, i'ocket book 
form, tuck a 50 

THE PLANE TABLE. Its uses in Topographical 
Surveying, from the Papers of the J. fc^. Coast Sur- 
vey. Illustrated, 8vo, cloth 290 

"Tills worK gives a de«criptton of tbe Plane T«ble, employed at ttie 

IT. ri. Coast ^Mrrey oflBce, and (be manner of using It." 

JEFFER'S. Nautical Surveying By W. N. Jeffers, 
Captain U. S. Navy. Illustrated with 9 copperplates 
and 3 ( wood cut illustrations. 8vo, cloth 5 00 

CHAUVENET. New method of correcting Lunar Dis- 
tances, and improved method of Finding the error 
and rate of a chronometer, by equal altitudes. By 
VV. Chauvenet, LL D. 8vo, cloth 2 00 

BRUNNOW. Spherical Astronomy. By F. Brunnow, 
»'h. Dr. Translated by the author from the second 
German edition. 8vo, cloth 6 50 

PEIRCE. System of Analytic Mechanics. By Ben- 
jamin Peirce. 4to, cloth 1000 

COFFIN. Navigation and Nautical Astronomy. Pre- 

{)ared for the use of the U. S. Naval Academy. By , 
'rof. J. H. <'. Coffin. Fifth edition. 5a wood cut illus- 
trations. i2mo, c^oth 350 

13 
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D. VAN NOSTUAND 8 PUBLICATIONS. 



CLARK. Theoretical Navigation and Nautical Astron- 
omy. By Lieut Lewis Clark, U. S. N. illustrated 
with 41 wood cutft. 8vo, cloth .' $3 oo> 

HASKINS. The Galvanometer and its Uses. A Man- 
ual for Electricians and Students. By C H. Has^- 
kins, zamo, pocket form, morocco. (In press) 

GOUGE. New System of Ventilation, which has been 
thoroughly tested, under the ratronage of many dis- 
tinguished persons. By Henry A. Gouge, with 
many illustrations. 8vo, cloth a <o 

BECKWIl'H. Observations on the Materials and 
Manufacture of Terra-Cotta, Stone Ware, Fire Brick, 
Porcelain and Encaustic 1 iles, with remarks on the 
products exhibited at the London International Exhi- 
bition, 187 1. By Arthur Keckwith, C. E. 8vo, 
paper 60 

MORFIT. A Practical Treatise 9n Pure Fertilizers, and 
the chemical conversipn of Rock Guano, Marlstones, 
Coprolites. and the Crude Phosphates of Lime and 
Alumina generally, into various valuable products. 
By CampMll Morht, M.D., with a8 illustrative plates, 
8vo, cloth 20 9r> 

BARNARD. The Metric System of Weights and 
Measures. An address delivered before the convoca- 
tion ot the University of the State of New York, at 
Albany. August, 1871. By F. A P. Barnard, LL.D., 
President of Columbia College, New York. Second 
edition Irom the revised edition, printed for the Trus- 
tees of Columbia College. Tinted paper, 8vo, cloth 3 oa 

■ Report on Machinery and Processes on the In- 
dustrial Arts and Apparatus of the Kxact Sciences. 
By F. A. P. Barnard, LL.D. Paris Universal Ex- 
position, 1867. Illustrated, 8vo, cloth 5 00 

BARLOW. Tables of Squares, Cubes, Square Roots, 
Cube Roots, Recii>rocals of all integer numbers up ttt 
lo^ooa New edition, zamo, cloth a 50 
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MYER. Manual of Signals, for the use of Signal officers 
in the Field, and for Military and Naval Students, 
Military Schools, etc A new edition enlarged and 
illustrated By Brie General Albert J. Myer, Chief 
Signal Officer of the army, Colonel of the Signal 
Corps during the War of the Rebellion. lamo, 48 
plates, full Roan $5 00 

WILLIAMSON. Practical Tables in Meteorology and 
Hypsometry, in connection with the use of the Bar- 
ometer. By Col. R. S. Williamson, U. S. A. 4to, 
doth 2 50 

THE YOUNG MECHANIC. Containing directions 
for the use of all kinds of tools, and for the construc- 
tion of Steam Engines and Mechanical Models, in- 
cludfng the Art of Turning in Wood and Metal. By 
the author "The Lathe and its Uses," etc. From 
the English edition with corrections. Illustrated, 
i2mOi cloth X 75 

PICKERT AND METCALF. The Art of Graining. 
. How Acquired and How Produced, with description 
of colors, and their application. By Charles Pickert 
and Abraham Metcalt Beautifully illustrated with 
42 tinted plates of the various woods used in interior 
finishing. Tinted paper, 4tOt cloth 10 00 

HUNT. Designs for the Gateways of the Southern En- 
trances to the Cenlj-al Park. By Richard M. Hunt 
With a description of the designs. 4to. cloth 5 00 

LAZELLE. One Law in Nature. By Capt H. M. 
Lazelle, U. S. A. A new Corpuscular Theory, com- 
prehending Unity of Force^ Identity of Matter, and 
Its Multiple Atom Constitution, applied to the Physi- 
cal Affections or Modes of Energy. x2mo, cloth. . . i 50 

PETERS. Notes on the Origin, Nature. Prevention, 
and Treatment of Asiatic Cholera. By John C. 
Peters, M. D. Second edition, with an Appendix. 
i2mo, cloth z 50 
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BOYNTON. History of West Point, its Military Im- 
portance diiriog tAe American Revolution, and the 
Origin and History of the U- S. Military Academy. 
By Bvt Major C L. lioynton, A.M. , Adjutant of the ' 
Militaiy Academy. Second edition, 416 pp. 8vo, 
printed on tinted paper, beautifully illustrated with 
36 maps and fine engravings, chiefly from photo- 
graphs taken on the spot by the author. Extra 
cloth $3 f0 

WOOD. West Point Scrap Book, being a collection of 
Lt:«;;ends, Stories, Songs, etc., of the U S Military 
Academy. Ky l.ieut U E. Wood, U S. A. Illus- 
trated by 69 engra vines and a copperplate map. 
Beautifully printed on tinted pa])er. 8vo, cloth 5 00 

WEST POINT LIFE. A Poem read before the Dia- 
lectic Society of the United States Militarj' Academy. 
Illustrated with Pen-and-ink Sketches. By a Cadet 
To which is added the song, " Benny Havens, oh I** 
oblong 8vo, 21 full page illustrations, cloth. a 50 

GUIDE TO WEST POINT and the U. S. Military 
Academy, with maps and engravings, i8mo, blue 
cloth, flexible . . i 00 

HENRY Military Record of Civilian Appointments in 
the United States Army By Guy V# Henry, Brevet 
Colonel and Captain First United States Artillery, 
Late Colonel and Brevet Brigadier General, United 
States Volunteers Vol. i now ready. Vol. 2 in 
press. 8vo, per volume, cloth 5 00 

HAMERSLY. Records of Living Officers of the U. 
S. Navy and Marine Corps. Compiled from official 
sources. By Lewis li. Hamersly, late Lieutenant 
U. S. Marine Corps. Revised edition, 8vo, cloth... 5 00 

MOORE. Portrait Gallery of the War. Civil, Militarv 
and Naval. A Biographical record, edited by Frank 
Moore. 60 fine portraits on steel. Royal 8vo, 
cloth 6 00 
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